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Abstract Aims:To determine the reproducibility of the distance covered in 3min and its correlation with the 6min
walking test, as well as compare the distances covered at di¡erent time intervals. Secondly, to evaluate the relationship
between the distances covered during these time periods and the maximum oxygen intake obtained during a bicycle
ergometer test.Methods:Forty-¢ve Chronic Obstructive Pulmonary Disesasepatientswere includedinthe study. Sub-
jectswhowere either physically limited or familiar withthe test, or thosewith acute exacerbation inthemonth prior to
the study, were excluded.Threewalking testswere carried out each day In 30 patients for three consecutive days, and
the distances covered in periods of 3 and 6minweremeasuredwith 20min rest between eachwalk.No incentivewas
givenandthepatientsknew thatthe distancescoveredin 3 and 6minwouldbequanti¢ed.Oxygensaturation, heartrate
and degree of breathlessness (modi¢ed Borg scale) were registered at baseline. After 3min, the distance covered and
degree of breathlessnesswere alsomeasured. After 6min, oxygen saturation, heart rate, degree of breathlessness and
distance covered in meters were registered. Spirometry was performed daily on each patient, and those with an FEV1
variationof less than10%were consideredclinically and functionally stable.Anexercise testusingbicycle ergometerwas
carried outto determinemaximumoxygen intake.A 3minwalking test wasperformed in15 patients, independentlyon
the sameday, whichwas followedafter 20minrestwith a 6minwalking test.Results:Asigni¢cantincreasewasobserved
in the distance covered over 3 and 6min in the ¢rst 5 walks, with the greatest increase seen in the ¢rst 3 walks.The
correlation between the distance covered in 3 and 6min was 0.98.The correlation between the distance covered in
3min and oxygen intake was 0.64.No signi¢cant di¡erences were observed between the distances covered in the 0^3
and 3 to 6minperiods.During thewalking test, breathlessnesswasmeasuredusing themodi¢ed Borg scale, whichwas
1.8 after 3min, and 3.2 after sixminand 8.6 atthe endof bicycle ergometer test.No signi¢cantdi¡erenceswereobserved
betweenthe distance covered during the 3 minute test and the distance inthe ¢rst 3min ofthe 6minwalking test. Con-
clusions:Alearning e¡ect was observedwhenthewalking test is carried out repeatedly over shorttime periods, with a
signi¢cant increase in the ¢rst 5 walks.Correlation between the distances covered in 3 and 6min is very good, and
acceptable when the distance covered over these periods is compared with oxygen intake and walking speed is con-
stant.r2002 Elsevier Science Ltd.Allrights reserved.
doi:10.1053/rmed.2002.1363, available online athttp://www.idealibrary.comon
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Since it was ¢rst introduced in 1976 by McGavin (1), the
walking test has been considered the standard test for
the functional evaluation of patients with chronic ob-
structive pulmonary disease (COPD) and is used in di-
verse clinical situations; evaluation of pulmonary
rehabilitation protocols, drug response or preoperative
study of patients submitted to lung transplant or volume
reduction.The test is simple, easy and non-incremental.
Initially lasting12min, the test correlatedwell with max-
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using a cycle ergometer.More recently, the walking test
has been shortened for greater comfort (2^5). Six min-
utes is presently considered standard for this type of
test.
It is known that, regardless of the duration, walking
tests are in£uenced by factors which modify the value
of the results. Thus, the mood of patients (6), how the
patient is motivated (7) and the learning e¡ect (7, 8) are
factors that can somewaymodify the results.Our objec-
tivewas to analyzewhether the distance covered over a
short time period, 3min, can be considered a reproduci-
ble test, determine whether there is a learning e¡ect,
and correlate the results with those obtained from the
standard 6min test. Additionally, it was our aim to es-
tablish a correlation between the distance covered over
3min and the maximumVO2 obtained from bicycle erg-
ometer.We feel that the possible use of the short walk-
ing test in the functional evaluation of COPD patients in
an out-patient environment, as a complementary test to
others such as forced spirometry, bronchodilation and
arterial blood gases, fully justi¢es this study.
PATIENTSANDMETHODS
A group of 45 clinically stable COPD patients (ATS cri-
teria) (9), undergoing an out-patient-hospital rehabilita-
tion program, were included in the study. Inclusion
criteria included air£ow obstruction with an FEV1/FVC
o70% and FEV1o70%, with an FEV1 reversibility lower
than15% and less than 200ml at15min after inhalation of
200mg of albuterol. Patients with acute lung exacerba-
tion in the month prior to the study and those familiar
with or physically limited to carry out the test were ex-
cluded.
Study design
We divided the patients into two groups. Group A, 30
patients. In this group a Spirometry (Sibel Medical, Barce-
lona,Spain) was performed for 3 consecutive days, using
ERS standards (10). A variation of less than 10% in FEV1
during the 3 consecutive days, with no change in normal
medication throughout the period was all considered as
the stability criteria.
Thewalking test was performed in a 60m long hospi-
tal corridor.Reproducibility was determined by carrying
out the test for three consecutive days, three test walks
per day with a 20-min rest between each walk. Each pa-
tient performed 9 walks and avoided visual or hearing
encouragement of any kind whilst carrying out the test.
Walking speed had to be the patient’s maximum, who
was asked not to stop, but to set his own walking pace.
Thepatientwas not accompaniedby thephysicianduring
the walk. Patients were informed prior to the test thatthe distance covered over 3 and 6min would be quanti-
¢ed.The following variables were recorded:
At baseline:Heart rate and oxygen saturation (Omeda
Biox 3740)was recorded, aswell as degree ofbreathless-
ness using themodi¢ed Borg scale.
At 3min: Without stopping the patient from walking,
the distance coveredwas recorded as well as the degree
of breathlessness.
At 6min:The distance coveredwas recorded aswell as
heart rate, oxygen saturation and degree of breathless-
ness. A bicycle ergometer test (Oxycon-Delta Jaeger
Wuerzburg,Germany), using a scaled incrementalmeth-
od, was performed no later than 1week after the ¢nal
walking test, using steps of10W/min.Limiting factors in-
cluded symptoms, heart rate 90% greater than pre-
dicted, ratio of maximal ventilation (VEmax) to
maximum voluntary ventilation (MVV) greater than
80% or decrease 44% in oxygen saturation. Data re-
garding maximal strength, maximum VO2, ventilatory
and hemodynamic parameters were obtained.
Group B: In 15 patients, a 3min walking test was per-
formed and after 20min rest a 6min walking test was
carriedout.The distances coveredboth in the 3min ¢rst
test as well as 0^3 and 0^6min of the 6minwalking test
were quanti¢ed.
Statistical analysis
The mean distances covered in subsequent tests were
comparedusing variance analyses for repeatedmeasure-
ments.Thereafter, comparisons for paired tests (usingT-
tests for paired data) were established in order to deter-
mine theminimumdi¡erence of mean values with statis-
tical signi¢cance.The correlation between variables was
carried out using the Pearson test.Within-person stan-
dard deviation (7) was calculated for the distance varia-
bility over the period, and standard deviation between
the mean was used to de¢ne the variance coe⁄cient. A
Po0.05 was considered signi¢cant.
RESULTS
Group A: Atotal of 30 patients, 25male and 5 femalewith
amean age of 63 + 7.9 years, were studied.The functional
values showed moderate to severe air£ow limitation,
with amean FEV1of12737311ml (43% of predictedvalue)
and a FEV1/FVC of 39711. Other functional parameters
were:TLC132731% predicted, FRC186742%predicted,
TLCO 79723% predicted and an oxygen saturation of
9472 at baseline.
The distance covered over 3min increased through-
out the di¡erentwalks .In this regard, themean distance
covered in the ¢rstwalk was 225720m,with aprogres-
sive increase until walk 9,251727m, with an increase of
11% (26 meters). A signi¢cant increase in the distance
FIG. 2. Mean distance covered for the patients included in
Group A, periods (0^3) and (3^6) min. No signi¢cant di¡er-
ences were observed between the distances covered in both
periods in eachwalk.
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greatest increase was seen in primarily in the ¢rst 3
walks, which increased 7.1%. The distance covered in
6minwas 453 + 41m in the ¢rstwalk, with a similar pro-
gressive increase in the following walks as was observed
in the 3min walk. Thus, the distance covered in walk 9
was 508757m with an increase between the ¢rst and
ninth walk of 12% (55m). A signi¢cant increase was ob-
served in the distance covered over the ¢rst 5 walks
(Po0.001), and as in the 3min test, the greatest increase
(10%) occurred in the ¢rst 3 walks.Mean distances were
covered in the 6min test throughout the 9walks.The re-
lationship between the distances covered at 3 and 6min
was 0.98 (Fig.1) (Po0.0001).
The distance covered in accordance with 3min time
periods was evaluated from 0 to 3min and 3 to 6min.
Walking speed was constant and no signi¢cant di¡er-
ences were observed in any of the 9 walks between the
distance covered in the ¢rst period and that covered in
the second 3^6min period as is shown in Fig. 2. Variabil-
ity throughout the tests, expressed by the standard de-
viation in the same patient and variance coe⁄cients,
showed that at 3min, this standard deviation was
11.41m, and 24.51 meters at 6min. The variance coe⁄-
cient for the distance covered was 4.42% at 3min, and
4.76% at 6min (Fig. 3)
The relationship between the distance covered at
3min in the 5th walk and maximum oxygen intake was
0.64 (P=0.001).This correlationwas 0.61 (P=0.002)when
compared with the distance covered at 6min, with a
maximumVO2.The degree of breathlessness with mod-
i¢ed Borg scale was 0.28 at baseline, 1.8 at 3min, 3.2 at
6min and 8.6 at the end of bicycle ergometer test.FIG. 1. Representation of the degree of correlation between
the distance covered at 3min and 6min,R = 0.98.The correlation between the distance covered at
3min in the 5th walk with pulmonary function para-
meters at rest was weak, 0.24 with FVC% and 0.21with
FEV%. Likewise, the distance covered at 6min was also
seen to slightly correlate with FVC (r = 0.27) and with
FEV1 (r = 0.18).
Group B: Fifteen patients were evaluated,10 males and
5 females, mean age 64 7 3 years who independently
performed a 3 and 6min walking test.The distance cov-
ered in the 3min testwas 243728m. In the ¢rst 3min of
the 6 minute test, the distance covered was 241726m,
with no signi¢cant di¡erences (P = 0,164) between both
distances.
DISCUSSION
Our results suggest that the 3min walking test is a sub-
maximal strength test that is simple and easy to carry
out both in the hospital as well as outpatients environ-
ment, with a low cost, facilitating the evaluation of the
functional capacity of patients with COPD, not very se-
vere patients. Potential use includes evaluation of results
after therapeutic treatment: bronchodilator drugs ther-
apy, lung volume surgery , lung transplant and respira-
tory rehabilitation programs. The results show that a
learning e¡ect exists with the 3 and 6min distances re-
peated over short periods of time. A good correlation
was observed between the distance walked at 3 and
6min.
The 6 and12minwalking tests are non-incremental ef-
forts and tests of endurance, where the e¡ort carriedby
the patientdepends on several factors whichwill inevita-
bly a¡ect the distance covered, primarily encourage-
ment and the learning e¡ect (7). At present, no
FIG. 3. Comparison between the distancewalked in 3 and 6min, according towithin-person standard deviation and coe⁄cient of
variation.
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since although a greater distance is observed, variability
increases when this factor of not easy standardization is
introduced. In our study, we decided to avoid the e¡ect
of stimulation, making the test as simple as possible.
Thus, all visual and audible stimulation on thepartof per-
sonnel supervising the test in all walks were avoided and
the patients were left to determine their own pace.
In relation to learning and reproducibility e¡ects, con-
sensus exists that an increase in the distance walked is
observed when the test is repeated. Thus, McGavin (1)
and Butland (2) showed that the learning e¡ect is seen
primarily in the ¢rst 2 walks. Knox (8) showed that this
e¡ect was greater when the tests were repeated in
shorter timeperiods.These di¡erences are smallerwhen
walks are repeated over longer time periods, where in-
creases are lower (8.5%).Our results with tests carried
out in shorter timeperiods show a signi¢cant increase in
the distance coveredover 3 and 6min, this increasebeing
more signi¢cant in the ¢rst 5 walks.The increase in the
distancewalkedbetweenwalks1and 9 at 6minwas 57m
(12%) and 26m (11%) at 3min.
In our study, we compared whether the distances
walked in both time periods, between 0 and 3min and
between 3 and 6min were similar. As mentioned in
methods, the test was designed so that the patient was
aware beforehand that the distance walked at 3 and
6minwouldbe quanti¢ed in each period of time.Our re-
sults show that the distances covered in each period
were similar, with no signi¢cant di¡erences between
each, in other words, walking speedwas constant.
There is a possibility that, in linewith our studydesign,
the patients may have chosen a constant walking pace
during the 6min test, since they were already aware that
the distance coveredwould bemeasured at 3 and 6min.
This could, in part, justify our results which show a simi-larity in the distance covered in both the 0^3 and 3^
6min periods. To answer this question, we compared
the distance covered by a group of15 patients in a 3min
walking test with the ¢rst 3min of a 6min walking test
and we observed that both distances were practically
the same, 2437 28 vs 241726with no signi¢cant di¡er-
ences.Thiswould suggest thatboth distanceswalked are
the same independently if the subject knew previously
the duration of the test.
Bernstein etal. (5) also have likewise evaluated the dis-
tance between di¡erent periods (2min), with patients
performing a 12min walking test. In that study, the pa-
tientwas simply asked towalk the furthest distance pos-
sible in that period of time (12min). They found no
di¡erences in the distance covered at di¡erent 2-min
timeperiods, suggesting that patientsmaintain the same
pace throughout the 12min test, without signi¢cant dif-
ferences in the di¡erent periods.The authors, by way of
criticism, stated that had thepatients knownbeforehand
the duration of the test, the results at di¡erent timeper-
iods would have been di¡erent.Due to the design of our
study, this problem did not exist.
Our study analyzed thewithin personvariability (7) of
thewalking test in each patient, quantifying standardde-
viation throughout 9walks.With the 3minwalk, thiswas
11.41, and 24.51with the 6min walk, suggesting good re-
producibility with no real dispersion of the distances by
each patients’ walks. These data are similar to that ob-
served by other authors (7) who found values of 7.3m
for the distance walked in the 3min test, and 22.25 for
the distance covered in 6min. In our study, the variance
coe⁄cient was 4.42% at 3min and 4.76% at 6min, sug-
gesting good reproducibility in the distance walked for
both time periods.
One important point for consideration is the clinical
signi¢cance of the di¡erence in distances walked by the
816 RESPIRATORYMEDICINEsame patient, which is fundamental in protocols such as
respiratory rehabilitation. Redelmeier (11), who studied
112 stable COPD patients with the aim of determining
the di¡erence in distance during 6min walking test cap-
able of discriminating changes in functional capacity with
clinical signi¢cance, felt that this distancewas 54meters.
Atpresent, there are no studies that haveused awalking
test lower than 6min to evaluate the variation in the dis-
tance coveredwith clinical signi¢cance, suggesting a pos-
sible limitation of such tests. However, authors such as
Strijbos (12) have used a 4min walking test in home and
hospital pulmonary rehabilitation programs, and have
found the test to be sensitive for evaluating di¡erences
from a statistical point of view.
Although the 6minwalking test is, at present, consid-
ered a low-cost, objective, safe and simple, it is generally
agreed that the direct method for determining a
maximal e¡ort is to carry out a bicycle ergometer test
and determinemaximum oxygen intake.The correlation
between the distance walked at 3 and 6min with maxi-
mumVO2 was lower and similar in both times periods,
0.64 at 3min and 0.61 at 6min. These values are in
the same range other authors have recorded (13, 14).
Bernstein (5) observed that the degree correlation be-
tween maximum VO2 and the distance covered in
the walking test is lower when the latter is shortened
(r = 0.53 at 2min, r = 0.59 at 4min, r = 0.64 at 6min,
and r = 0.72 at 12min).Walking tests can be considered
submaximal and more physiological tests of endurance,
since they represent the patient’s daily activities
best. At present, and due to the di¡erences between
VO2 data obtained from walking tests in relation to
strength tests, aswell as the di⁄culties inreproducibility
of the former, several groups (15,16) suggest carrying out
the walking test with progressive loads (Shuttle Walking
Test), since theoretically it is more reproducible and cor-
relates better withmaximumVO2.The Shuttle test is an
incremental test, not an endurance test. The walking
speed is not determined by the patient but rather it is
imposed with increasing paces. These characteristics
make this walking test conceptuallymore like a maximal
incremental test, carried out using bicycle ergometer
and which explain the better relationship obtained in
variables such as VO2 (17,18,19), but in our opinion is
clearly more complex requiring greater resources and
more time.
The use of short test in out-patient rehabilitation pro-
grams in COPD patients has already been carried out by
groups, such as Strijbos (12), who showed that simplifying
thewalking test is possible in out-patient studies and can
be performedwith few resources and in a short periods
of time. Presently, an ever increasing number of authors
(20, 21) include thewalking test asroutine test alongwith
spirometry, bronchodilation, arterial blood gases for the
evaluation and classi¢cation of COPDpatients.Thismust
favor the use of simple tests that are easy to perform,especially when bearing inmind the potential number of
patients requiring evaluation.
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